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fatty ackl mainly containing 24 to 34 carbon atoms 
(montanic acid wax), cm ester of glycerin with montanic 
add wax and^or alkylene oxide adducts thereto and/or 
an ester of polyoxyalkylene with montanic acid wax as 
an anti-clouding agent, and (b) a fluorine-containing 
suifactant as an anti-fogging agent kneading them with 
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ylene, ethylene/^nyl acetate copolymer, and forming it 
into a film. Incorporation of (c) an ester of 8ort>itan with 
higher fatty add oontairvng 12 to 22 cartx)n atoms, an 
ester of glycerin with Ngher fatty add containing 12 to 
22 carbon atoms or an alkylene oxide adduct thereto 
may further improve the anti-douding property. 
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Description 
ReldQfthe Invention 

5 [0001] This inverttion relates to a synthetic resin film fa agriculture and, niore particularly, to a synthetic resin film for 
agricutture having good long-lasting transparency and anti-douding and anti-fogging properties which is suited for use 
as a covering nnaterial for greenhouses or the like. 

Background of the Invention 

10 

[0002] Accelerated, semi-accelerated or retarding culture has conventionally been popularly conducted for the pur- 
pose of raising productivity or marketability of agricultural products. TTiese cultures has been carried out in green- 
houses or tunnels using covering materials such as vinyl chloride resin, polyethylene or ethylene/vinyl acetate 
copolymer resin, tn the culture using greenhouses or tunnels, the greenhouses a tunnels are tightly closed by the gov- 
ts ering material. The water vapor which is transpired from the soil and plants is. therefore, not discharged, the atmos- 
phere within greenhouses or tunnels Is saturated with the water vapor, and the water vapor condenses to form droplets 
of water on the inner surface of a cold film. Water droplets on the fOm not only seriously reduce the amount of incident 
sunlight due to irregular reflection but the droplets fail on the plants resulting in occurrence of diseases. To avoid forma- 
tion of water droplets on the inner surface of the covering material film to thereby inaease the amount of incident sun- 
20 light and. even if water droplets are formed on the inner surface of the film, to altow the droplets to flow downward along 
the inner surface of the film, it has wkiely been conducted to ooat an anti-clouding agent on the inner suface of the film 
or to incorporate the anti-clouding agent in the film itself. However, in the case of using the anti-douding agent, gener- 
ation of fog which is liable to occur within the greenhouses or tunnels due to rapid change of the outside temperature is 
more promoted resulting in frequent generation of fog. When fog is generated within the greenhouses or tunnels, stems, 
25 leaves, flowers, fruits, etc. of cultivated plants get wet, which can cause occurrence or propagation of plant diseases. 
Thus, it has been conducted to use a anti-fogging agent together whh the anti-douding agent 
[0003] In order to prevent or reduce fog generation to be caused by the synthetic resin film for agriculture, various 
anti-clouding agents and anti-fogging agents are known. For example. Japanese Examined Patent Publication No. S59- 
35573 describes synthetic resin-made covering materials for agriculture having incorpx)rated therein a f borine-contain- 
30 ing surfactant as an anti-fogging agent and other nonionic surfactant as an anti-douding agent In this publication, 
esters of higher fatty adds such as stearic acid with alcohols such as sorbitart. glycerin, polyethylene glycol, trimethyl- 
olpropane or pentaerythritol are described as the nonionic surfactants. However, the higher fetty add ester compounds 
or the fluorine-containing suri^ctants specifically described in the publication drfficultiy provide enough lasting effidency 
to the covering materials when previously incorporated as the anti-douding agent or anti-fogging agent According to 
ss the evaluation of ttie covering materials accelerated test there is obtained durability of only 4 to 7 months. 

[0004] Japanese Unexamined Patent PUMication No. H4-272946 describes to incorporate a fluorine-contabiing com- 
pound, a nonionic surfactant and a hindered amine compound in polyolef in resin to thereby retain anti-douding property 
and anti-logging property fbr a longer period of time. However, actual exposure tests on anti*douding property con- 
ducted under similar conditions to ttiat described in tiie publication have revealed that the anti-douding property lasts 
40 for only 60 days at the longest both at a tower temperature and at a namal temperature. Also, actual exposure tests on 
anti-fogging property conducted under the conditions described in the publication revealed that anti-fogging property 
lasts for about 7 months after spreading. Thus, the polyolefin resin films are not sakJ to have satisfactorily long-lasting 
effects. 

[0005] On the other hand, as a method fbr attaining tong-lasting anti-douding property or anti-fogging property, Jap- 
45 anese Unexamined Patent Publication Nos. S60-96682 and H2-279733. etc. describe a so-called coating method of 
coating a composition having anti-douding property or both anti-douding property and anti-fogging property on agricul- 
tural film. This coating metiiod can impart good long-lasting anti-douding property and anti-fogging property to syn- 
thetic resin film for agriculture based on electrostatic mutual action between inorganic fine powder of hydrotalcite or the 
like incorporated in the base film and an effective ingredient such as inorganic hydrophiDc colloid contained in tiie coat- 
50 ing composition. It is necessary, however, to spray-coat or roller-coat the composition after spreading the agricultural 
films. In spray-coating, a lot of coating solution is used with such a low efficiency that spray-coating metiiod has the 
defects ttiat in comparison witti incorporating method, it is economically disadvantageous, it requires a tong coating 
time, and causes coating unevenness which can deteriorate the anti-dripping effect The same applies to the roller- 
coating mettxxf. 

55 [0006] An object of the present invention is to provide a synthetic resin f9m for agriculture having good transparency, 
good anti-douding property, good anti-fogging property and long lasting effect thereof, which can be obtained by a con- 
ventional incorporation process with excellent cost advantages, handling easiness, workability and unifomiity in per- 
formance. 
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nifidosure of the Invention 

[0007] As a result of intensive investigations, the inventors have found that a synthetic resin f Om for agriculture can be 
obtained by previously treading an anti-clouding agent and an anti-fbgging agent into a resin, by which the film exhibits 
5 ant'-douding and anti-fogging properties for a duration as long as. or longer than, that attained by the coating method, 
using a specific higher fatty acid ester as anti-clouding agent and a fluorine-containing surfactant as anti-fbgging agent, 
thus having achieved the present invention. 

[0008] That is, the present invention is a synthetic resin film for agriculture which contains kneaded therein (a) at least 
one compound selected from the group consisting of (1) an ester of sorbttan with acid wax derived from and montan 
10 wax. i.e.. higher fatty acid mainly containing 24 to 34 cart>on atoms (montanic acid wax), (2) an ester of glycerin with 
montanic acid wax. (3) an alkylene oxide adduct to the ester of sort^itan with montanic acid wax, (4) an alkylene oxide 
adduct to the ester of glycerin with nx>ntanic acid wax, and (5) an ester of polyoxyalkylene whh montanic acid wax and 
(b) a fluorine-containing surfactant 

[0009] In the present invention, (c) at least one conpound selected from the group consisting of esters of sorbitan 

IS with higher fatty adds containing 12 to 22 carbon atoms, esters of glycerin with higher fatty adds containing 12 to 22 
carbon atoms, and alkylene oxide adducts thereto may further be incorporated in addition to the above-described ingre- 
dients (a) and (b) for more improving the anti-ctouding and anti-fbgging properties of the film. 
[0010] As is described above, the fatty acid constituting component (a) is required to be montanic acid wax containing 
higher fatty adds having 24 to 34 cariaon atoms as a mgior component The nnontank: add wax is a natural nvneralwax 

20 usually extracted and purified from brown coal, and has the longest carbon chain of the industrially available higher fatty 
adds. In the present invention, the mrrber of carbon atoms of the fatty add-is limited to 24 to 34 because, if the number 
of cartx>n atom of the fatty acki used as a major component is 22 or less, k)ng-lasting anti-clouding property, which is 
intended in the present invention, can not be attained . whereas higher fatty adds containing more than 34 carbon 
atoms are difficult to be industrially available. Furtiier, in the present invention, the ester products of montanic add wax 

25 (hereinafter referred to as "montanic add wax esters'^ are not limited to monoesters but way be diesters. triesters. etc. 
[001 1] On the other hand, the mot number of added alkylene oxide in the alkylene oxUe adduct of corrponent (a) is 
preferably 1 to 50 mols per molecule, more preferably 1 to 30 mds. most preferably 5 to 20 mols. In the present inven- 
tion, a plurality of compounds having different md nunft>er of added alkylene oxide are property combined to obtain 
preferable results. In such cases, it is preferred to use in coni)ination 2 to 3 kinds of those having a larger mol nuntber 

50 of added alkylene oxide, tiiose having a mkidle wa\ number, and those having a smaller mol number. Because, such 
combination provMes proper balance between hydrophobiclty based on longer chain alkyi group and hydrophilidty 
based on polyalkylene oxkle group, tfnus ntigration of tine anti-douding agent to tiie f flm surface and wetting properties 
with water being suitably adjusted and long-lasting effects being obtained as well as good initial properties. As an exam- 
ple of using a plurality of adducts, there are illustrated mixtures of an adduct having 20 mols of added alkylene oxide. 

35 an adduct having 10 mols of added alkylene oxxle and an adduct having 5 rrols of added alkylene oxide. Of these mix- 
tures, two or three adducts may be selected to use in combination. In the case of using a plurality of alkylene oxkle 
adducts. mixing ratio is not particularty limited, and may property be deckiled. As a general guide, however, when an 
adduct having a larger mol number of added alkylene oxkie, an adduct having a middle mol number of added alkylene 
oxide and an adduct having a smaller mol number of added alkylene cxkJe are used in combination, they may usually 

40 be used in ttie same quantity. 

[001 2] Component (a) is incorpaated in a total amount of 0.3 to 3 parts by wdght per 1 00 parts by weight of the syn- 
thetic resin, more preferably 0.5 to 2 parts by weight 

[001 3] Examples of the montanic add esters or all^ene oxide adducts thereto to be used as oonponent (a) shoukl 
indude the conpounds represented by the following formulae (1) to (5): 



45 



CHCHjOCORm 



(1) 



50 



ROHC, 



CHOR 



CHOR 



sorbitan mono-, di- or trimontanate 



RmCOO(-Alk-0-)NH 



polyoxyalkylene glyod montanate 
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O 

HjC^ CHCHaOCORm 

R-OHC CHOR* 
CHOR"" 



poiyalkylene oxide adduct of sorbitan mono-, di- or trimontanate 



IS ^ 

CHjOfl 



(3) 



CHjOCORm 
CHOR 



20 glycerin mono-, dt- or trimontanate 



CHaOCORm 

CHOR* 

I 

CH2OR" 



(5) 



30 poiyalkylene oxide adduct of glycerin mono-, dl- or trimontanate 

[0014] In the above tormulae, Rm represents an alkyi group mainly derived from C23 to C33 nrv>ntanic add. R repre- 
sents RmCO- or H, R represents RmCO-. H or (-Alk-O-^iH. R" represents RmCO-. H or (-Alk-0-)n2H, R" represents 
RmCO- a (-Alk-0-)r,3H, Alk represents (CH2)n (wtierein n represents 2 or 4) or a propylene groip. and N and n1-Hi2*m3 
each represents an integer of 50 a less, with N. n1 . n2 and n3 being an integer of 1 or nrxDra 

3S [0015] Of the montanic acid wax esters or alkylene oxide adducts thereof to be used as component (a), preferred 
compounds are: sorbitan montanate containing montanic ackJ wax monoester as a major component and an ethylene, 
propylene or butylene oodde adduct thereof; glycerin montanate containing montanic add wax monoester as a waior 
component and an ethylene, propylene or butylene oxkJe adduct thereof; polyethylene glycol, polypropylene glycd or 
polybutylene glycol ester of montanic add wax; etc. Among these compounds, an ethylene oxide adduct of sorbitan 

40 montanate containing montanic add wax nuxioester as a mcgor component an ethylene oxide adduct of glycerin mon- 
tanate containing montanic add wax monoester. and an ethylene oxide adduct of montank: add are particulariy pre- 
ferred. 

[001 6] On the other hand, as the component (c) of f luorine-contairting surfactant to be added as anti-fogglng agent, 
any of anionic, cationic. amphoteric and nonionic compounds may be used. Typical examples of thefluorinecontaining 
45 surfactant to be used in the present invention are illustrated below. 

(I) Anionic fluorine-containing surfactants 

[0017] 

SO 

(l)-COOMtype 



RfCOOM 



RfS02NR'CH2CXX)M 

(2)-OS03Mtype 



4 



(3)-S03Mtype 



(4)-OPO(OM)2type 
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RfBNR'VOSOaM 

RfSOsM RfCH20(CH2)„S03M 
RfBNR'Y0P0(0M)2 
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[0018] In the above formulae, Rf represents a fiuoroalkyl group wherein all or part of hydrogen atoms in the alkyl moi- 
ety are substituted by fluorine atoms, B represents -CO- or -SO2-. R' represents a hydrogen atom or a lower alkyl group. 
Y represents a Ca^ alkyl group, and M represents a hydrogen atom. •NH4. an alkali metal or an alkaline earth metal. 

IS (II) Cattonic fluorine-containing surfactanis 

[0019] 

(1) -NR'R- • HXtype 

so 

RfBNHYNR'R" • HX 

(2) -N+R'R-R" • X- type 

25 RfBNHYN*RR"R- • X" 

[0020] In the above fbrnfulae, Rf. B. R* and Y are the same as defined hereinbefore, R** and R"* each represents a 
hydrogen atom or a lower alkyl group. HX represents an acid, and X represents a halogen atom or an add radical. 

30 (III) Amphoteric fluorine-containing surfactants 

[0021] 

(1) -N*(RV-C0Crtype 

3S 

RfBNHYN*(R^Y'COa 

[0022] In the above formula, Rf. B, Y and R' are the same as defined hereinbefbre. and Y* represenis a 0^30 alkylene 
group. 

40 

(IV) Nonionic fluorine-containing surfactants 
[0023] 
45 (1) alcohol type 

RfOH 

(2) ether type 

so 

Rn^OjnM 

[0024] In the above formulae. Rf. Y. Y* and M are the same as defined hereinbefore, and n represents an integer of 1 
to 50. 

55 [0025] Of the abovenllustrated fluorine-containing surfactants, preferable ones a^^ 
used in Exanples and Comparative Examples. 

(0 RfSOaKCwherein Rf represents a C8.i2 perfluoroalkyi group) 
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e.g.. Fulorad FC-95 (manulactured by Sumitomo 3M K.K.) 
Fulorad FC-98 (manufactured by Sumitomo 3M K.K.) 
(ii) RfCONH(CH2CH2)„N*(CH3)3 • r 

e.g.. Fulorad FC-135 (manufactured by Sumitomo 3M K.K.) 
5 (ili) RfCONHCH2CH2N*(CH3)2(CH2CH2)4COO- 

(iv) Ftf(CH2CH20)nH (wherein n « 5 to 50) 

e.g., Fulorad FC-170C (manufactured t^y Sumitomo 3M K.K.) 
Ruowet OTN (manufactured by Hoechst AG) 

TO [0026] These fluorine-containing surfactants are incorporated preferably in an amount of 0.05 to 2 parts by weight per 
100 parts by weight of the synthetic resin, more preferably 0.1 to 0.5 part by weight. If the amount is less than 0.05 part 
by weight, there can result in insufficient anti-lbgging effect whereas, if more than 2 parts by weight, there results in 
whitened films or bleed-out phenomenon leading to sticky surface to which dusts are liable to adhere. The fluorine-con- 
taining surfactants may be used alone or as a nvxture of two or mora 

75 [0027] In the present invention, the combined use of component (a) of the ester or its alkylene oxide adduct and com- 
ponent (b) of fluorine-containing surfactant provides good anti-clouding property and anti-fogging property, which can 
last for a long period of time. However, when a conventionally known anti-clouding agent Is used in place of the compo- 
nent (a), long-lasting anti-douding property can not be obtained whereas, when the corrponent (b) of fluorine-contain- 
ing surfactant is not used, sufficient anti-fbgging effect can not be obtained. Further, the anti-douding effect attained 

20 mainly by the component (a) is synergisticalty enhanced k)y the combined use with the fluorine-containing surfactant 
and. reversely, the anti-fogging effect attained only by the fluorine-containing surfectant is more enhanced by the com- 
bined use with the component {b) of the ester or its alkylene oxUe adduct. These have been experimentaDy demon- 
strated. 

[0028] As the corrponent (c) of esters of sorbitan with higher fatty acids containing 1 2 to 22 cait)on atoms, esters of 

25 glycerin with higher fatty ackls containing 1 2 to 22 cartxxi atoms* or the all^ene oxide adducts thereof to be optionally 
used in addition to the components (a) and (b) desaibed above, there are illustrated, for exanple. sorbitan corrpounds 
such as sorbitan monolaurate. sorbitan monopalmitate. sorbitan monostearate. sorbitan monooleate. and polyalkylene 
oxide adducts thereof: and glycerin oonpounds such as glycerin monolaurate. glycerin monopalmitate. glycerin mono- 
stearate. glycerin monooleate. and the polyoxyethylene adducts thereof. 

30 [0029] Addition of the corrponent (c) serves more to improve the initial anti-douding property and durability of the 
anti-douding and anti-fogging eflMs. This improvement Is remarkable when ttie component (c) is used in oombinatton 
witti the esters of montanic acid having a lower md number of added alkylene oxide. Component (c) is used preferably 
in an amount of 0.3 to 3 parts by weight as a sum of corrponent (a) and corrponent (c). more preferably 0.5 to 2 parts 
by weight As to the amount of ttie component (c) alone, it Is used usually in an amount of 0.1 to 1 part by weight, pref- 

S5 mbly 0.2 to 0.7 part by weight, together with the montanic Bd6 derivatives. 

[0030] As the resin for the synthetic resin film for agriculture suitably used for the agricultural covering material of the 
present invention, any of those that have conventionally been used for such use may be used. As typical exanples. 
there are illustrated vinyl chloride type resins such as pdyvinyl chloride; efliylenic resins such as polyetfiylene arid etii- 
yleneA^inyl acetate copolymer; and propylene resins. Of these, vinyl chlorMe type resins and ethylenic resins are pre- 

40 ferred. However, the synthetic resins to be used in the present invention are not linvted to these resins. 

(0031 ] In the synthetic resin film for agriculture of the present invention may be incorporated corrvrxMily used various - 
additives for resins such as lubricant, antistatic agent weatherproof-improving agents (ultraviolet ray absorbing agent, 
hindered amine light stabilizer, etc.). plasticizer, antioxidant (induding heat stabOizer). dye and pigment in amounts usu- 
ally employed. The effects of the present invention are neither spoiled by them, nor are damaged respective functions 

45 of tire various resin additives. 

[0032] The synthetic resin film of tiie present invention may be produced according to known processes such as an 
extrusion process (T<fie extrusion process. Inflation mokiing process, etc.). calender roller mokling process, etc. The 
film ttiickness Is adjusted preferably to 50 to 300 |im. 

so Bggt mocig fpr practicing the invention 

[0033] The present invention will be desaibed in more detail by reference to Exanples which, however, are not con- 
strued to be limitative at all. 

55 Exanple 1 

[0034] 1 .5 parts by weight of an adduct of sorbitan mononxintanate (monoester of sortutan with montanic add wax) 
with 5 mols of ethylene oxUe and 0.3 part by weight of an adduct of perfluoroethand (RfCHaCH^H; Rf > Cs.12) with 
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ethylene oxide (nonionic fluorine-containing surfactant F-1) were added to 100 parts by weight of an ethylene/vinyl ace- 
tate copolymer (content of vinyl acetate: 14%; Evafiex P-1403) and kneaded in a biaxial extruder, then formed into a 
lOO-fim thick fQm using an inflation film meting machine. This film was spread on a framed slant ceiling surface of an 
experimental greenhouse constructed outside by which a themiostatic water vessel was covered to observe the state 
of deposition of water droplets onto the inner surface of the film and the state of fog generation in the vicinity of the inner 
surface. Accelerated test and obsenration and evaluation of the anti-clouding property and anti-fogging property were 
conducted in the following manner to obtain the results tabufated in Table 2. 

[Method of accelerated tesQ 

[0035] A film sample formed from a resin having incorporated therein an anti-cloudtng agent and a anti-fogging agent 
was fixed to a frame, and was subjected to the cyde of immersing in a 60^0 water bath for one week and placing in a 
eO^'C oven for one week alternatively for a total period of 45 days or 90 days. Then, the film sample was set to the slant 
ceiling surface of the aforesaid experimental greenhouse to visually obsen^e deposition of water droplets on the inner 
surface of the film and state of fog generation in the vicinity of the Inner surface of the film. In this accelerated test 45- 
day test and 90-day test respectively correspond to about one year and 2 years according to the rule that a lO^C 
increase in temperature twice accelerates aging of the film. 

[Method fdr obsennng and evaluating anti-douding property and anti-fogging property] 

[0036] The state of deposition of water droplets and the state of fog generation were observed by eyes with adjusting 
the water vessel temperature to 40''C in the morning or evening when tenrperature was lowered. This obsen^tion by 
eyes was continued fa 3 days. The water vessel was left alone except when the observation of fog generation was con- 
ducted. 

[0037] The evaluation of the anti-clouding property and generation of fog was made under the following criteria. 
Deposition of water droplets: 

[oosq 

@ No water droplets deposited on the inner surface of the film, and almost no clouding was observed. 
®/0 A slight amount of water droplets deposited, but almost no clouding was obsenred. 
O A slight amount of water droplets deposited, and clouding was cbsenred. 

Large water droplets were deposited, and clouding was observed. 
X A considerable amount of small water droplet deposited, and clouding was observed considerably. 

Generation of fog: 

[0039] 

@ Generation of fog was scarcely observed. 
O Generation of fog was slightly observed. 
A Generation of fog was dearly obsen^ed. 
X Generation of fog was seriously observed. 

Examples 2 to 29, and 32 to 37 

[0040] Synthetic resin films were prepared In the same manner as in Example 1 except for repfadng 1 .5 parts by 
weight of the adduct of sortxtan monomontanate with 5 nx)ls of ethylene oxide and 0.3 part by weight of the adduct of 
so perfluoroethanol (RfCH2CH20l-l; Rf = 05.^2) ^ ethylene oxide by respective compounds descrfoed In Table 1 in 
amounts also described in Table 1. Evaluation of the films was conducted according to the same accelerated test 
method and observation and equation method of anti-douding property and anti-fogging property as In Exanple 1 to 
obtain results shown in Table 2. 

[0041] Additionally, in the column of component (a) or (c) in tiie fdlowing table. "RmSb* represents sortxtan nrxxio- 
55 nrwntanate, "RmSb E0 1 md". "RmSb EO 5 mote-. -Rnf>Sb E0 10 mote". "RmSb EO 20 mds". "Rnf>Sb EO 30 mote" and 
"RmSb EO 50 mds" each represents an adduct of sorbitan nxxxxnontanate with 1 md, 5 wds, 10 mds. 20 mds. 30 
mds or 50 mote of ethylene codde. "Rm2Sb EO 5 mote'. 'Rm2Sb E0 10 mds' and 'Rm2Sb EO 20 mote' each repre- 
sents an addud d 8ort)itan dimontanate with 5 mote. 10 mds or 20 mds of ethylene oxide, *Rm3Sb EO 5 mds". 
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"Rm3Sb EO 10 mols" and "RmSSb EO 20 mols" each represents an adduct of sorbitan trimontanale with 5 mds. 10 
mois or 20 rrwis of ethylene oxide: "RmQly" represents glycerin monomontanate. "RmSGay" represents glycerin tri- 
montanate. "RmQIy E0 1 mol", "RmGly EO 5 mols", "RmGly E0 10 mols", "RmGly EO 20 mols", "RmGly EO 30 mols" 
and "RmGly EO 50 mols" each represents an adduct of glycerin monomontanate with 1 moi, 5 mols. 10 mols, 20 mols. 
5 30 mols or 50 mots of ethylene oxide. "Rm2Q!y EO 5 mols". "Rm2Qly EO 10 mols" and "Rm2Qly EO 20 mols" each 
represents an adduct of glycerin dimontanate with 5 mols. 10 mols or 20 mols of ethylene oxide; "RmEO 5 mols". 
"RmEO 20 mols" and "RmEO 50 mols' each represents an adduct of montanic add with 5 mols. 20 mols or 50 mols of 
ethylene oxide. 

[0042] In the column of component (b),"F*2" represents an anionic, fluorine-containing surtactant of RfGOOK 
10 (wherein Rf represents a C8.12 fluoroalM group),"F-3" represents a cationic. fluorine-containing surfactant of 
RfCX)NH(CH2CH2)nN*(CH3)3 • 1" (wherein Rf represents a C8.12 fluoroalkyi group, and n represents 1 to 3). 
[0043] "phr" in the table represents parts by weight per 100 parts by weight of resin. 

Example 30 

15 

[0044] Procedures described in Example 1 were conducted except for using, as components (a) and (c). 0.5 part by 
weight of an adduct of sorbitan monomontanate with 5 mols of ethylene oxide, 0.5 part by weight of an adduct of 8ort>- 
itan monomontanate with 10 mols of ethylene oxide and 0.5 mol part of an adduct of sorbitan monostearate with ethyl- 
ene oxide (StSb EOn) in place of 1 .5 parts t)y weight of the adduct of sorbitan rrxsnomontanate with 5 wo\s of ethylene 
20 oxide used in Example 1. Evaluation of the f ilm was conducted according to the same accelerated test method and 
obsen/ation and e^luation method of ant-clouding property and anti-fogging property as in Example 1 to obtain the 
results shown in Table 2. 

Example 31 

2S 

[0045] Procedures described In Example 1 were conducted except for using, as components (a) and (c), 0.5 part by 
weight of an adduct of sorbitan monomontanate with 5 nv>ls of ethylene oxide. 0.5 part by weight of an adduct of 8ort>- 
itan monomontanate with 10 mols of ethylene oxide and 0.5 part by weight of an adduct of sorbitan monolaurate wHh 
ethylene oxide (LaSb EOn] in place of 1 .5 parts by weight of the adduct of sorbitan monomontanate with 5 mols of eth- 
30 yiene oxide used in Example 1 . Evaluation of the film was conducted according to the same accelerated test method 
and obsenmtion and evaluation method of anti-doufing property and anti-fogging property as in Example 1 to obtain 
the results shown in Table 2. 
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Table 1 



Exuple 
Ho. 


coBpooent (4) or (c) 


addlUve laouat (pbr) 


coapooeot 

(b) 


idditive 
SMaot 
(obr) 


first coBponeot 


seeoftd eoapose&t 


third coBpoaeDi 


first 
coapoDeot 


second 
coBpoaeBt 


tbird 
eoBPoaest 


f luoriac- 
coBttiftios 
SM 


• I 


RiSb EO S lol 






1. .50 


0.00 


0. 0 


F-1 


0.30 


I 


taSt EO 10 Bol 






1. so 


0.00 


0.0 


F-1 


0.30 


3 


RiSb EO 20 Bol 






1.S0 


0. 00 


0. 0 


F-1 


a 30 


4 


RaSb EO 5 Bol 


RaSb EO 10 aol 




0. 73 


0. 75 


0. 0 


F-t 


0. 30 


S 


RBSb EO S 9o\ 


KoSb £0 20 Ml 




a7s 


0. 75 


0.0 


F-2 


0.30 


6 


RaSb EO to aol 


RaSb EO 20 Ml 




a 75 


0. 75 


0. 0 


F-2 


a 30 


7 


SsSb EO S Bol 


RaSb EO 10 Ml 


RaSb EO 20 mI 


Q.SO 


0.SO 


as 


F-1 


a 30 


8 


RsSb EO 1 aol 


RfiSb EO 20 ul 


RaSb EO SO aol 


aso 


0.50 


0.5 


F-1 


0.30 


9 


IteSb EO 1 ul 


RaSb EO 10 aol 


RaSb EO 30 Ml 


aso 


0.50 


0.5 


F-1 


a 30 


10 


RfiCly EO S ftol 






t.so 


0.00 


0.0 


F-l 


a3o 


n 


RiCty EO 10 Ml 






l.SO 


0.00 


0.0 


F-1 


a 30 


it 


Mty EO 20 Ml 






l.SO 


0.00 


0.0 


F-1 


a 30 


13 


RsCly EO S sot 


RoGly EO 10 sol 




0.7S 


0.75 


0.0 


F-2 


0.30 


14 


SaCly EO S mI 


RaCly EO 20 Ml 




0.7S 


a 75 


0.0 


F-2 


0.30 


IS 


iBfily EO 10 Ml 


RoCly EO 20 mI 




0,75 


a 75 
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F-2 


0.30 
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TahTp 1-rr>nrinupd 



u 


KiCly EO % lol 


KaCly EO 10 Ml 


X«Cly EO 20 Ml 


0.30 


a SO 


as 


F-l 


a 30 


17 


XiCly EO 1 wl 


Mly EO 20 Ml 


Mly EO 50 Ml 


a SO 


0.50 


as 


F-l 


a 30 


18 


Mly EO 1 Ml 


Mly EO 10 Ml 


SlGly EO 30 Ml 


a so 


OlSO 


as 


F-l 


a3o 


19 




RaEO S Ml 


UBO 20 Ml 


Q.S0 


0.50 


as 


F-l 


aso 


:o 


RiSb 


RaEO 20 Ml 


RiEO SO Ml 


0. 50 


0. ^0 


as 


F-l 


a3o 


:i 


KiSb 


RaEO S Ml 


lUEO 20 Ml 


0.50 


0.50 


as 


F-2 


a3o 


z: 


teCly 


XiEO 5 Ml 


UEO 20 Ml 


0.50 


0.50 


as 


F-l 


a 30 
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RbEO 20 Ml 


liEO 50 Ml 


a SO . 


QLSO 
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F-l 


a3o 




KiCly 


RbEO S Ml 


RiEO 20 Ml 


0.30 


aso 


as 


F-2 


a 30 


2S 


KmSb £0 S Ml 


XftSb EO 10 Ml 


toSb EO 20 Ml 


Ol 10 


Olio 


ai 


F-l 


a 30 


26 


KiSbEOS Ml 


USb EO 10 Ml 


llSb EO 20 Ml 


1.00 


1.00 


1.0 


F-l 


aso 


27 


iiSb EO 5 Ml 


iBSb EO 10 Ml 


XlSb EO 20 Ml 


QlSO 


aso 


as 


F-l 


a 05 


21 


USb EO S Ml 


KiSb EO 10 Ml 


liSb EO 20 Ml 


0.50 


aso 


as 


F-l 


2.00 


29 


teSb EO S Ml 


iBSb EO 10 Ml 


liSb £0 20 Ml 


aso 


aso 


as 


F-8 


aso 


30 


RftSb eo S loI 


JmSb EO 10 Mt 


$lSb EO, 


0.50 


aso 


as 


F-l 


aso 


31 


USb EO S Ml 


KiSb EO 10 Bot 


USb EO. 


a 50 


aso 


as 


F-l 


aso 


32 


Xi2Sb EO S Ml 


lB2Sb EO 10 Ml 


to2Sb EO 20 Ml 


0.50 


aso 


as 


F-l 


aso 


33 


li3Sb £0 S Ml 


lB3Sb EO 10 Ml 


RB3Sb EO 20 Bol 


aso 


aso 


as 


F-l 


aso 


34 


U2Cly EO 6 Ml 


ta2Cly EO 10 Ml 


MGly EO 20 Ml 


0.50 


aso 


as 


F-l 


aso 


35 


tB361y 






1. 50 


0 


0 


F-l 


aso 


38 


laSb 






L50 


0 


0 


F-l 


a30 


37 
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0 . 


0 


F-l 
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Table 2 



Example Na 


initial Stage 


45 days accelerated test on 60°C 


90 days accelerated test on 60 *C 




anti-clouding 
property 


anti-fbgglng 
property 


anti-dotxiing 
property 


anti-fogging 
property 


anti-clouding 
property 


anti-fogging 
property 


1 




® 
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0 


® 


9 
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® 


o 


® 


0 
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Table 2 (continued) 



^yanmlfi No 


initial stage 


45 days accelerated test on 60*C 


90 days accelerated test on 60 *C 




aniraouuing 
property 


Bnti*foooino 
property 


Bi iii"vlwUiliny 

properly 


anti^oQQtnQ 
property 


anfi^dni iHinn 

CUiU^mUUUII l}g 

property 


anti'foQQinQ 
property 


12 


o 
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13 
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14 
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® 
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15 
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® 
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23 
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® 
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o 


® 


o 


® 


o 
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o 


® 


o 


® 


A 
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® 
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27 


®/o 
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28 
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®/o 
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® 
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31 
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® 
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® 


32 


@/o 
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® 


® 


® 


33 


®/o 
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® 


® 


® 


34 


®/o 


© 


®/o 
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® 
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® 


A 


® 


A 


® 


36 




® 


A 


® 


A 


® 


37 




® 


A 


® 


A 


® 



Comparative Exanples 1 to 6 

[00461 Synthetic resin films were prepared iri the earne manner as in except that 1.5 parts t}y weight of the 

adduct of 8ort)itan monomontanate with 5 mols of ethylene codde and 0.3 part by weight of the adduct of perf kioroeth- 
anol (RfCH2CH20H: Rf « Ce.12) with ethylene oxide used in Example 1 were replaced by the compounds descrbed In 
the column of component (a) and component (b) in Table 3 in amourtts also described in Table 3. Evaluation of the film 
was conducted according to the same accelerated test method arvJ observation and evaluation method of anti-ciouding 
property and anti-fogging property as in Exanple 1 to obtain the results shown in Table 4. 
[0047] Additionally, in the column of component (a) in Table 3, 'StSb' represents soit)rtan monostearate. "StSb E0 1 
mol-, 'StSb EO 5 mots'. 'StSb E0 1 0 mols'. 'StSb EO 20 mots', and 'StSb EO 50 mots' each represents an adduct of 
soitHan monostearate with 1 md. 5 mols. 10 mote. 20 mols. 30 mote or 50 mote of ethylene codde. 'StGHy" representB 
glycerin monostearate. 'StOly EO 5 mote'. 'StQIy E0 1 0 mote'. 'StQIy EO 20 mote' and 'StOty EO 50 mote' each rep- 
resents an adduct of glycerin monostearate with 1 mot. 5 mote, 10 mote. 20 mote. 30 mols a 50 mote of ethylene ODdde. 
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Comparative Example 7 

10048] A synthetic resin f Om was prepared In the same manner as In Example 1 except tor using, as component (a), 
each 0.5 part by weight of adducts of soifoitan monomontanate respectively with 5 mots. 10 mols and 20 mds of ethyl- 
ene oxide (1.5 parts t>y wei^ in total) and not using fluorine-containing surfactants. Evaluation of the film was con- 
ducted according to the same accelerated test method and ot)servation and evaluation method of anti-ctouding 
property and anti-fogging property as in Example 1 to obtain the resUHs shown in Table 4. 

Comparative Example 8 

[0049] A synthetic resin film was prepared in the same manner as in Example 1 except for using 0.3 part by weight 
of F-1 as a f luorine*containing surfactant arvj not using corrponent (a). Evaluation of the film was conducted according 
to the same accelerated test method and observation and evaluation method of anti-douding property and anti-fogging 
property as In Example 1 to obtain the results shOMrn In Table 4. 
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Coapartlive 


covHmeol (a) 


additive uooot (pbr) 


coipooeot 
(b) 


additive 
asooni 

(phr) 


Exaiple 
Re. 


first 
coapooeal 


second 
coaponeot 


third coipoDeot 


first 
coapoaent 


secoad 
coipooeot 


coipooeot 


fluorioe* 
coQtsioiag 
SAA 




SiSb EO S lol 


StSb EO 10 lol 


StSb EO 20 aol 


as 


as 


a s 


F-1 


0. 9 




SlSb EO 1 Ml 


SlSb EO 20 BOl 


StSb EO SO lol 


OlS 


as 


a s 


F-l 


a 3 




StSb 


StSb £0 5 nl 


StSb EO 20 BOl 


O.S 


as 


as 


F*l 


a 3 




StSb 


StSb EO !0 ul 


StSb EO SO 101 


as 


as 


a 5 


F-l 


as 




StCly 


StGlT EO S nl 


SlGlv EO 20 lol 


as 


as 


as 


F-l 


as 




StGIy 


StGly EO 20 lOl 


SlGIy eo SO lol 


as 


as 


as 


F-l 


as 




ItiSb EO S Ml 


RiiSb EO 10 Ml 


BiSb EO 20 ml 


as 


as 


as 




0 










0 


0 


0 
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Table 4 



Coiparative 
EziBples 
Na 


ioitial satage 


45 days accelerated test 
on 60^ 


90 days accelerated test on 
60X: 


anti-cIoQdiiig 
property 


anti-fogging 
property 


anti-clonding 
property 


anti-fogging 
property 


ast i-clouding 
property 


anti-fogging 
property 


1 


O 
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A 


O 
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O 
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A 
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o/o 
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O 


X 


A 


X 


8 


X 




X 


A 


X 
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Advantaoes of the Invention 

[0050] As has been described hereinbefore, acoording to the present invention, a synthetic resin film for agriculture 
suited as agricultural covering material for greenhouses or the like can be obtained, which exhibits good anti-douding 
55 and anti*fogging properties from the initial stage of being spread, with the good properties lasting for a long period of 
time. 
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Irtfwstrial Utility 

[0051] As has been described hereinbefore, the synthetic resin film for agriculture in accordance with the present 
invention is useful as an agria4tural covering material fbr greenhouses or the Uke. 

5 

aaims 

1 . A synthetic resin f Bm for agriculture which contains incorporated therein: 

10 (a) at least one compound selected from the group consisting of (1) an ester of sorbitan with acid wax mainly 

derived from montan wax, i.e.. higher fatty acids mainly containing 24 to 34 cartxsn atoms (hereinafter refenred 
to as "montanic acid wax"). (2) an ester of glycerin with montanic add wax. (3) an alkylene oxide adduct to the 
ester of sortNtan with montanic acid wax. (4) an alkylene oxide adduct to the ester of glycerin with montanic 
acid wax. and (5) an ester of polyoxyall^ene and montanic acid wax; and 

1$ (b) a fluorine-containing surfactant 

2. A synthetic resin film for agriculture which contains inoorpaated therein: 

(a) at least one compound selected from the group consisting of (1) an ester of sorbitan with montanic acid 
20 wax. (2) an ester of glycerin with montanic acid wax. (3) an alkylene oxide adduct to the ester of sorbitan with 

montanic add wax. (4) an alkylene oxkf e adduct to the ester of glycerin with montanic add wax, and (5) an 
ester of pdyoxyalkytene with nK>ntantc acid wax; 

(b) a fluorine-containing surfactant: and 

(c) at least one compound selected from the group consisting of an ester of sorbitan with higher fatty add con- 
25 taining 1 2 to 22 caft>on atoms, an ester of glycerin with higher fatty add containing 1 2 to 22 cartx>n atoms, and 

alkylene oxMe adducts thereta 

3. The synthetic resin fim for agrfoulture as described in daim 1 or 2. wherein said synthetic resin conrY)rises a viriyl 
chtorkle type resin or a polyolefinic resin. 
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